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Abstract
Leptonic rare decays of B0s,d mesons offer a powerful tool to search for physics
beyond the Standard Model. The B0s → µ+µ− decay has been observed at the
Large Hadron Collider and the first measurement of the effective lifetime of this
channel was presented, in accordance with the Standard Model. On the other
hand, B0s → τ+τ− and B0s → e+e− have received considerably less attention:
while LHCb has recently reported a first upper limit of 6.8 × 10−3 (95% C.L.)
for the B0s → τ+τ− branching ratio, the upper bound 2.8 × 10−7 (90% C.L.)
for the branching ratio of B0s → e+e− was reported by CDF back in 2009. We
discuss the current status of the interpretation of the measurement of B0s → µ+µ−,
and explore the space for New-Physics effects in the other B0s,d → `+`− decays in a
scenario assuming flavour-universal Wilson coefficients of the relevant four-fermion
operators. While the New-Physics effects are then strongly suppressed by the ratio
mµ/mτ of the lepton masses in B
0
s → τ+τ−, they are hugely enhanced by mµ/me
in B0s → e+e− and may result in a B0s → e+e− branching ratio as large as about 5
times the one of B0s → µ+µ−, which is about a factor of 20 below the CDF bound;
a similar feature arises in B0d → e+e−. Consequently, it would be most interesting
to search for the B0s,d → e+e− channels at the LHC and Belle II, which may result
in an unambiguous signal for physics beyond the Standard Model.
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1 Introduction
The decay B0s → µ+µ− belongs to the most interesting processes for testing the flavour
sector of the Standard Model (SM). In this framework, B0s → µ+µ− emerges from quan-
tum loop effects – penguin and box topologies – and is helicity suppressed. Consequently,
this channel is strongly suppressed, and in the SM only about three out of one billion B0s
mesons decay into the µ+µ− final state. Another key feature of the B0s → µ+µ− decay
is that the binding of the anti-bottom quark and the strange quark in the B0s meson is
described by a single non-perturbative parameter, the B0s -meson decay constant fBs [1].
In scenarios of New Physics (NP), B0s → µ+µ− may be affected by new particles entering
the loop topologies or may even arise at the tree level.
For decades, experiments have searched for the B0s → µ+µ− decay [2]. It has been a
highlight of run 1 of the Large Hadron Collider (LHC) that the B0s → µ+µ− mode could
eventually be observed in a combined analysis by the CMS and LHCb collaborations [3].
The corresponding experimental branching ratio is consistent with the SM prediction.
In addition to the branching ratio, B0s → µ+µ− offers another observable [4]. It is
accessible thanks to the sizeable difference ∆Γs between the decay widths of the Bs mass
eigenstates and is encoded in the effective B0s → µ+µ− lifetime. The LHCb collaboration
has very recently reported a pioneering measurement of this observable, as well as the
observation of B0s → µ+µ− in the analysis of their new data set collected at the ongoing
run 2 of the LHC [5].
Furthermore, there is a CP-violating rate asymmetry which is generated through
the interference between B0s–B¯
0
s mixing and decay processes [4, 6]. It would be very
interesting to measure this observable. However, such an analysis requires tagging infor-
mation on the decaying Bs meson, thereby making it more challenging than the untagged
effective lifetime measurement.
In the SM, the key difference of B0s → µ+µ− with respect to B0s → τ+τ− and
B0s → e+e− is due to the different lepton masses. In the case of the former decay, the
large τ mass effectively lifts the helicity suppression, while it gets much stronger for
the latter process due to the small electron mass. Consequently, we have SM branching
ratios at the 10−6 and 10−13 level, respectively, while the corresponding B0s → µ+µ−
branching ratio takes a value at the 10−9 level [1].
From the experimental point of view, the analysis of B0s → τ+τ− is challenging
because of the reconstruction of the τ leptons. Nevertheless, LHCb has recently presented
the first upper bound for this channel of 6.8×10−3 (95% C.L.) [7]. The B0s → e+e− decay
has received surprisingly little attention, both from the experimental and theoretical
communities, and has so far essentially not played any role in the exploration of flavour
physics. The most recent upper bound on the B0s → e+e− branching ratio of 2.8× 10−7
(90% C.L.) was obtained by the CDF collaboration back in 2009 [8]. We have illustrated
this situation in Fig. 1.
We will have a fresh look at the search for NP effects with the B0s → µ+µ− and
B0d → µ+µ− channels in view of the new LHCb data [5], complementing the recent study
by Altmannshofer, Niehoff and Straub [9]. However, the main focus of our discussion
will be on the B0s → τ+τ− and B0s → e+e− decays (as well as their B0d counterparts),
which were not considered in Ref. [9]. The utility of the decays with τ+τ− and e+e− in
the final states for probing NP effects was addressed in the literature before, for instance,
in Refs. [10, 11] and [12, 13], respectively. The current key question is how much space
for NP effects is left in these channels by the currently available data, in particular for
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Figure 1: Illustration of the B0s → `+`− (left panel) and B0d → `+`− (right panel) branch-
ing ratios: current experimental status, SM predictions and the possible enhancement
within the general flavour-universal NP scenario discussed in the text.
the experimentally established B0s → µ+µ− mode.
In order to explore this topic, which is in general very complex, and to illustrate
possible NP effects, we consider a framework where the Wilson coefficients of the relevant
four-fermion operators are flavour universal, i.e. do neither depend on the flavour of the
decaying B0s or B
0
d mesons nor on the final-state leptons. We find that the corresponding
NP effects are strongly suppressed in B0s → τ+τ− in this scenario. However, as the
helicity suppression is lifted by new (pseudo)-scalar contributions, we may get a huge
enhancement of the branching ratio of B0s → e+e− in this scenario, while still having
the branching ratio of B0s → µ+µ− within the current experimental range. In particular,
the branching ratio of B0s → e+e− may be enhanced to about 5 times the B0s → µ+µ−
branching ratio, which is a factor of 20 below the CDF limit from 2009. Consequently,
it would be most interesting to have a dedicated search for B0s → e+e− and B0d → e+e−,
fully exploiting the physics potential of the LHC, where these decays will be interesting
for ATLAS, CMS and LHCb, and the future Belle II experiment at KEK. In view of the
theoretical cleanliness of these decays and the possible spectacular enhancement with
respect to the SM, we may get an unambiguous signal for New Physics.
In Fig. 2, we have illustrated our NP analysis. The measured branching ratio of the
B0s → µ+µ− channel allows us to constrain the corresponding short-distance functions,
which are then converted into their counterparts for the B0s,d → τ+τ− and B0s,d → e+e−
channels, having very different implications. The flowchart in Fig. 2 serves as a guideline
for the following discussion.
The outline of this paper is as follows: we discuss the theoretical framework for our
studies in Section 2. In Section 3, we have a closer look at the state-of-the-art picture
following from the experimental results for the B0s,d → µ+µ− decays, while turning to
the B0s,d → τ+τ− and B0s,d → e+e− modes in Sections 4 and 5, respectively. Finally, we
summarize our conclusions in Section 6.
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Figure 2: Flowchart illustrating the analysis and interplay of the various B0s,d → `+`−
observables within the considered flavour universal NP scenario, as discussed in the text.
2 Theoretical Framework
2.1 Low-Energy Effective Hamiltonian
Leptonic rare decays of B¯0q mesons (q = d, s) are described by the following low-energy
effective Hamiltonian [1, 4, 9]:
Heff = − GF√
2pi
V ∗tqVtbα
[
Cq,``10 O10 +C
q,``
S OS+C
q,``
P OP +C
q,``′
10 O
′
10 +C
q,``′
S O
′
S+C
q,``′
P O
′
P
]
, (1)
where GF denotes the Fermi constant, Vqq′ are elements of the Cabibbo–Kobayashi–
Maskawa (CKM) matrix, and α is the QED fine structure constant. The heavy degrees
of freedom have been integrated out and are described by the Wilson coefficients C
q,``(′)
10 ,
C
q,``(′)
P and C
q,``(′)
S , which may depend both on the flavour of the quark q and on the
flavour of the final-state leptons `+`−. However, in the SM and NP scenarios with “Min-
imal Flavour Violation” (MFV) [14], the short-distance functions are flavour universal.
The Wilson coefficients are associated with the four-fermion operators
O10 = (q¯γµPLb)(¯`γ
µγ5`), O
′
10 = (q¯γµPRb)(
¯`γµγ5`),
OS = mb(q¯PRb)(¯`` ), O
′
S = mb(q¯PLb)(
¯`` ),
OP = mb(q¯PRb)(¯`γ5`), O
′
P = mb(q¯PLb)(
¯`γ5`),
(2)
where mb denotes the b-quark mass and
PL ≡ 1
2
(1− γ5) , PR ≡ 1
2
(1 + γ5) . (3)
In the general Hamiltonian in Eq. (1), we have only kept operators which give non-
vanishing contributions to B¯0q → `+`− decays. In the SM, only the O10 operator is
present with a real coefficient CSM10 .
Concerning the impact of NP, the outstanding feature of the B¯0q → `+`− channels
is their sensitivity to (pseudo)-scalar lepton densities entering the operators O(P )S and
O′(P )S, which have still largely unconstrained Wilson coefficients, thereby offering an
interesting avenue for NP effects to enter. The B¯0q → `+`− decay amplitude has the
following structure [1]:
A(B¯0q → `+`−) ∝ V ∗tqVtbfBqMBqmµCSM10 [ηλP q`` + Sq``] , (4)
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where λ = L,R describes the helicity of the final-state leptons with ηL = +1 and ηR = −1.
The quantities
P q`` ≡
Cq,``10 − Cq,``
′
10
CSM10
+
M2Bq
2m`
(
mb
mb +mq
)[
Cq,``P − Cq,``
′
P
CSM10
]
(5)
Sq`` ≡
√
1− 4 m
2
`
M2Bq
M2Bq
2m`
(
mb
mb +mq
)[
Cq,``S − Cq,``
′
S
CSM10
]
, (6)
where MBq and m` are the B¯
0
q and ` masses, respectively, will play a key role in the
following discussion. In general, the coefficients P q`` ≡ |P q``|eiϕ
``
Pq and Sq`` ≡ |Sq``|eiϕ
``
Sq have
CP-violating phases ϕ``Pq and ϕ
``
Sq
. In the SM, we obtain the simple relations
P q``|SM = 1, Sq``|SM = 0. (7)
2.2 Decay Observables
The B0s and B¯
0
s mesons show the phenomenon of B
0
s–B¯
0
s mixing, which leads to time-
dependent decay rates. Experiments actually measure the following time-integrated
branching ratio [15]:
B(Bs → `+`−) ≡ 1
2
∫ ∞
0
〈Γ(Bs(t)→ `+`−)〉 dt. (8)
Here the time-dependent untagged rate, where no distinction is made between initially,
i.e. at time t = 0, present B0s or B¯
0
s mesons, takes the following form [4,6, 9]:
〈Γ(Bs(t)→ `+`−)〉 ≡ Γ(B0s (t)→ `+`−) + Γ(B¯0s (t)→ `+`−)
=
G2Fα
2
16pi3
|VtsV ∗tb|2 f 2BsMBsm2`
√
1− 4 m
2
`
M2Bs
∣∣CSM10 ∣∣2 (9)
× (|P s``|2 + |Ss``|2) e−t/τBs [cosh (ys t/τBs) +A``∆Γs sinh (ys t/τBs)] ,
where the decay width difference ∆Γs enters through the parameter [16]
ys ≡ ∆Γs
2Γs
= 0.0645± 0.0045, (10)
with τBs = 1/Γs denoting the B
0
s lifetime. Using the quantities introduced above, the
observable A``∆Γs is given as follows [4, 6]:
A``∆Γs =
|P s``|2 cos(2ϕ``Ps − φNPs )− |Ss``|2 cos(2ϕ``Ss − φNPs )
|P s``|2 + |Ss``|2
. (11)
Since it is challenging to determine the helicity of the final-state leptons experimentally,
the rates in (9) are actually helicity-averaged. The observable A``∆Γs takes the SM value
A``∆Γs|SM = +1, (12)
but is essentially unconstrained when allowing for NP effects [4, 6, 9].
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In view of the sizeable ys, we have to properly distinguish between the time-integrated
branching ratio B(Bs → `+`−) measured at experiments and the “theoretical” branching
ratio B(Bs → `+`−)theo, which corresponds to the decay time t = 0. These two branching
ratios can be converted into each other through the following relation [17]:
B(Bs → `+`−)theo =
[
1− y2s
1 +A``∆Γs ys
]
B(Bs → `+`−). (13)
The physics information encoded in the effective lifetime
τ s`` ≡
∫∞
0
t 〈Γ(Bs(t)→ `+`−)〉 dt∫∞
0
〈Γ(Bs(t)→ `+`−)〉 dt
(14)
is equivalent to the observable A``∆Γs [4], which can be determined with the help of
A``∆Γs =
1
ys
[
(1− y2s)τ s`` − (1 + y2s)τBs
2τBs − (1− y2s)τ s``
]
. (15)
Moreover, τ s`` allows us to convert the time-integrated branching ratio determined at
experiments into the “theoretical” branching ratio with the help of the relation
B(Bs → `+`−)theo =
[
2− (1− y2s) τ s``τBs
]
B(Bs → `+`−), (16)
where all quantities on the right-hand side can be measured [4, 17]. In the case of
B¯0d → `+`− decays, yd takes a value at the 10−3 level. Consequently, the corresponding
observable A``∆Γd is experimentally not accessible in the foreseeable future.
In addition to these untagged observables, there are also CP-violating asymmetries
which would be very interesting to measure, providing insights into possible new sources
for CP violation encoded in the Wilson coefficients [4, 6]. The experimental analysis of
these observables would require tagging information, thereby making it more challenging
than the exploration of A``∆Γs . However, it would nevertheless be very interesting to make
efforts in the super-high-precision era ofB physics to get also a handle on these quantities.
In order to search for NP effects by means of the branching ratio of the B0s → `+`−
decays, it is useful to introduce the following ratio [4, 6]:
R
s
`` ≡
B(Bs → `+`−)
B(Bs → `+`−)SM
, (17)
which takes by definition the SM value
R
s
``|SM = 1. (18)
Using the expressions given above yields
R
s
`` =
[
1 +A``∆Γs ys
1 + ys
]
(|P s``|2 + |Ss``|2)
=
[
1 + ys cos(2ϕ
``
Ps
− φNPs )
1 + ys
]
|P``|2 +
[
1− ys cos(2ϕ``Ss − φNPs )
1 + ys
]
|S``|2, (19)
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where φNPs denotes a possible NP contribution to the B
0
s–B¯
0
s mixing phase
φs = −2βs + φNPs . (20)
Current experimental information from B0s → J/ψφ and decays with similar dynamics
gives the following results [16,18,19]:
φs = −0.030± 0.033 = −(1.72± 1.89)◦ (21)
φNPs = 0.007± 0.033 = (0.4± 1.9)◦, (22)
where we have used the SM value φSMs = −2βs = −(2.12± 0.04)◦. Similar quantities can
also be introduced for the B0d → `+`− decays, in analogy to the expressions given above.
2.3 Scenario for the New Physics Analysis
A first analysis of the interplay between R
s
µµ and Aµµ∆Γs within specific models of physics
beyond the SM was performed in Ref. [6], giving also a classification of various scenarios.
In view of the new LHCb results for the B0s → µ+µ− mode, a very recent study was
performed in Ref. [9], highlighting also the importance of measuring Aµµ∆Γs for the search
and exploration of NP effects.
In order to illustrate NP effects, we shall consider a general scenario with no new
sources of CP violation, i.e. real Wilson coefficients. This assumption could be explored
with the help of the CP-violating observables discussed in Refs. [4, 6]. Moreover, we
assume that we have flavour-universal Wilson coefficients, allowing us to introduce the
notation
C10 ≡ Cq,``10 , C ′10 ≡ Cq,``
′
10 (23)
CP ≡ Cq,``P , C ′P ≡ Cq,``
′
P , CS ≡ Cq,``S , C ′S ≡ Cq,``
′
S , (24)
as well as
C10 ≡ C10 − C
′
10
CSM10
. (25)
Using data for rare B → K(∗)µ+µ− decays, the latter coefficient can be determined from
experimental data (for a state-of-the-art analysis, see Ref. [20]). Data for B → K(∗)e+e−
modes allows us also to take a possible violation of Lepton Flavour Universality into
account. As a working assumption, we shall use C10 = 1, which is consistent with the
current rare B-decay data within the uncertainties, and corresponds to a picture of NP
entering only through new (pseudo)-scalar contributions, which is the key domain for
the B0q → `+`− decays. We obtain then the following expressions:
P q`` = C10 +
M2Bq
2m`
(
mb
mb +mq
)[
CP − C ′P
CSM10
]
(26)
Sq`` ≡
√
1− 4 m
2
`
M2Bq
M2Bq
2m`
(
mb
mb +mq
)[
CS − C ′S
CSM10
]
, (27)
which will serve as the basis for our following discussion of NP effects. In particular, we
shall not assume any relation between the P qµµ and S
q
µµ coefficients, which typically arise
in more general NP frameworks as well as in specific models [6, 13].
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In Ref. [9], a scenario with heavy new degrees of freedom, which are linearly realized
in the electroweak symmetry in the Higgs sector, and the feature of MFV was consid-
ered [13], including the Minimal Supersymmetric Standard Model (MSSM) with MFV
violation. In the latter case, the coefficients C ′P , C
′
S are suppressed by the mass ratio
mq/mb, and the relation CS = −CP holds. Moreover, these coefficients are proportional
to the lepton mass m` (see also Refs. [6, 12]):
CS = m`C˜S, CP = m`C˜P , (28)
yielding
P q``|MFVMSSM = 1−
M2Bq
2
(
mb
mb +mq
)[
C˜S
CSM10
]
≡ 1− Aq (29)
Sq``|MFVMSSM =
√
1− 4 m
2
`
M2Bq
M2Bq
2
(
mb
mb +mq
)[
C˜S
CSM10
]
=
√
1− 4 m
2
`
M2Bq
Aq, (30)
where Aq does not depend on the lepton flavour `. If we neglect the m
2
`/M
2
Bq
term under
the square root in (30), both P q`` and S
q
`` are independent of the lepton mass in this
scenario, implying that the ratios of branching ratios of the various B0s,d → `+`− decays
are given as in the SM, up to O(m2`/M2Bq) corrections. In the case of the B0s,d → τ+τ−
decays, these effects may have a sizeable impact, as we will discuss in Subsection 4.2.
The flavour-universal scenario introduced above offers an interesting general frame-
work to explore NP effects in the B0q → τ+τ− and B0q → e+e− decays and to illustrate
their potential impact. But before focusing on these modes, let us first discuss the picture
for the B0q → µ+µ− channels following from the current data.
3 The Decays B0s → µ+µ− and B0d → µ+µ−
3.1 Experimental Status
Using the results of Ref. [1] and rescaling them to the updated parameters collected in
Table 1, we obtain the following SM branching ratios:
B(Bs → µ+µ−)SM = (3.57± 0.16)× 10−9 (31)
B(Bd → µ+µ−)SM = (1.02± 0.06)× 10−10. (32)
On the experimental side, the LHCb collaboration has recently presented updated mea-
surements of the B0s → µ+µ− and B0d → µ+µ− branching ratios [5]:
B(Bs → µ+µ−)LHCb’17 =
(
3.0± 0.6+0.3−0.2
)× 10−9 (33)
B(Bd → µ+µ−)LHCb’17 =
(
1.5+1.2+0.2−1.0−0.1
)× 10−10. (34)
The CP-averaged signal for B0s → µ+µ− has a statistical significance of 7.8σ, while
B0d → µ+µ− has a significance of 1.6σ, corresponding to B(Bd → µ+µ−) < 3.4 × 10−10
(95% C.L.). These experimental results are consistent with the SM predictions within
the uncertainties. In 2013, the CMS collaboration reported the following result [24]:
B(Bs → µ+µ−)CMS’13 =
(
3.0+1.0−0.9
)× 10−9, (35)
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Parameter Value Unit Reference
me 0.5109989461(31)× 10−3 GeV [21]
mµ 105.6583745(24)× 10−3 GeV [21]
mτ 1.77686(12) GeV [22]
md (4.7
+0.5
−0.4)× 10−3 GeV [22]
ms 0.096
+0.008
−0.004 GeV [22]
mb 4.18
+0.04
−0.03 GeV [22]
fBs (228.4± 3.7)× 10−3 GeV [23]
fBd (192.0± 4.3)× 10−3 GeV [23]
fBs/fBd 1.201± 0.016 [23]
BˆBd 1.26± 0.09 [23]
BˆBs 1.32± 0.06 [23]
τBs 1.505± 0.005 ps [16]
τBd 1.520± 0.004 ps [16]
MBs 5.36682(22) GeV [22]
MBd 5.27962(15) GeV [22]
ys 0.0645± 0.0045 [16]
∆Ms 17.757± 0.021 ps−1 [16]
∆Md 0.5064± 0.0019 ps−1 [16]
φs −0.030± 0.033 [16]
|Vtd| 0.008575+0.000076−0.000098 [19]
|Vts| 0.04108+0.00030−0.00057 [19]
|Vtb| 0.999119+0.000024−0.000012 [19]
λ 0.22509+0.00029−0.00028 [19]
βs 0.01852
+0.00032
−0.00032 [19]
Table 1: Input parameters used in the numerical evaluations of this paper.
which corresponds to a signal with 4.3σ significance. The ATLAS collaboration pre-
sented the constraint B(Bs → µ+µ−)ATLAS’16 = (0.9+1.1−0.8) × 10−9 in 2016 [25], which we
give for comparison. The combination of the results in Eqs. (33) and (35) gives
B(Bs → µ+µ−)LHCb’17+CMS = (3.0± 0.5)× 10−9, (36)
where we have calculated the average by applying the procedure of the Particle Data
Group (PDG) [22].
The LHCb collaboration has very recently reported a first measurement of the effec-
tive lifetime of the B0s → µ+µ− decay [5]:
τ sµµ = [2.04± 0.44(stat)± 0.05(syst)] ps. (37)
Using the expression
τ sµµ
τBs
=
1 + 2ysAµµ∆Γs + y2s
(1 + ysA``∆Γs)(1− y2s)
(38)
with Eq. (12) and the numerical inputs in Table 1, we obtain the SM prediction
τ sµµ|SM =
τBs
1− ys = (1.61± 0.01) ps. (39)
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Figure 3: Constraints in the P sµµ–S
s
µµ plane, assuming real coefficients with trivial CP-
violating NP phases ϕµµPs , ϕ
µµ
Ss
∈ {0, pi}. The blue circular band corresponds to the current
experimental information for R
s
µµ. A future precise measurement of the effective lifetime
τ sµµ and thus Aµµ∆Γs , as illustrated by the dotted and dashed lines, will pin down values
for P sµµ and S
s
µµ up to discrete ambiguities.
It agrees with the LHCb value, although the experimental uncertainties are too large to
draw further conclusions. Using Eq. (15), we may convert Eq. (37) into
Aµµ∆Γs = 8.24± 10.72, (40)
where the error is fully dominated by the huge uncertainty on the effective lifetime τ sµµ.
As we have the model-independent relation
− 1 ≤ Aµµ∆Γs ≤ +1, (41)
it will be crucial to improve the experimental precision for this observable in the future
data taking at the LHC.
3.2 General Constraints on New Physics
Let us first have a look at the B0s → µ+µ− decay observables. Using Eqs. (31) and (36),
we can determine the ratio R
s
µµ from Eq. (17):
R
s
µµ
∣∣
LHCb’17+CMS
= 0.84± 0.16. (42)
Assuming that we have no new CP-violating phases in P sµµ and S
s
µµ, as in the NP model
introduced in Subsection 2.3, expression (19) reduces to
R
s
µµ =
[
1 + ys cosφ
NP
s
1 + ys
]
|P sµµ|2 +
[
1− ys cosφNPs
1 + ys
]
|Ssµµ|2. (43)
Using the experimental value of φNPs in Eq. (21) we get
cosφNPs = 1.0000(2), (44)
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which allows us to convert Eq. (42) into a circular band in the |P sµµ|–|Ssµµ| plane.
The observable Aµµ∆Γs provides another constraint in this parameter space. Assuming
real coefficients P sµµ and S
s
µµ, Eq. (11) yields
Aµµ∆Γs = cosφNPs
[
(P sµµ)
2 − (Ssµµ)2
(P sµµ)
2 + (Ssµµ)
2
]
, (45)
fixing a straight line in the P sµµ–S
s
µµ plane through the measured value of Aµµ∆Γs . In-
terestingly, as the NP phases phases enter as 2ϕµµPs and 2ϕ
µµ
Ss
in Eqs. (11) and (19), we
cannot reveal minus signs of P sµµ and S
s
µµ, which correspond to ϕ
µµ
Ps
, ϕµµSs = pi, leading
to terms of 2pi in the arguments of the relevant trigonometric functions, thereby leaving
them unchanged. Consequently, R
s
µµ and Aµµ∆Γs allow us to determine P sµµ and Ssµµ up to
discrete ambiguities:
|P sµµ| =
√
(1 + ys)(cosφNPs +Aµµ∆Γs)R
s
µµ
(1 + ys cosφNPs )(cosφ
NP
s +Aµµ∆Γs) + (1− ys cosφNPs )(cosφNPs −Aµµ∆Γs)
=
√
1
2
(1 + ys)
[
1 +Aµµ∆Γs
1 + ysAµµ∆Γs
]
R
s
µµ (46)
|Ssµµ| =
√
(1 + ys)(cosφNPs −Aµµ∆Γs)R
s
µµ
(1 + ys cosφNPs )(cosφ
NP
s +Aµµ∆Γs) + (1− ys cosφNPs )(cosφNPs −Aµµ∆Γs)
=
√
1
2
(1 + ys)
[
1−Aµµ∆Γs
1 + ysAµµ∆Γs
]
R
s
µµ, (47)
where we have also given the simplified expressions for cosφNPs = 1. In Fig. 3, we illus-
trate the resulting situation in the P sµµ–S
s
µµ plane, showing both the circular band arising
from the current experimental value of R
s
µµ and the impact of a future measurement of
the Aµµ∆Γs observable.
In order to test the SM with the B0d → µ+µ− decay, it is advantageous to consider
the ratio of its branching ratio and the one of B0s → µ+µ− [26]. We obtain the following
general expression:
B(Bd → µ+µ−)
B(Bs → µ+µ−)
=
τBd
τBs
[
1− y2s
1− y2d
] [
1 +Aµµ∆Γdyd
1 +Aµµ∆Γsys
][ |P dµµ|2 + |Sdµµ|2
|P sµµ|2 + |Ssµµ|2
]
×
× MBd
MBs
√
1− 4 (m2µ/M2Bd)
1− 4 (m2µ/M2Bs)
(
fBd
fBs
)2 ∣∣∣∣VtdVts
∣∣∣∣2 . (48)
The CKM factor |Vtd/Vts| is required to utilize this ratio and has to be determined
in a way that is robust with respect to the impact of NP effects. Assuming the unitarity
of the CKM matrix, it can be extracted from the the length
Rt ≡
√
(1− ρ¯)2 + η¯2 = 1
λ
∣∣∣∣VtdVcb
∣∣∣∣ (49)
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Figure 4: Illustration of the Unitarity Triangle in the ρ¯–η¯ plane. The left panel illustrates
the determination of the side Rt, where the blue circular band for Rb corresponds to the
average in Eq. (54) and the wide red sector to the current value of γ in Eq. (52); the
narrow red sector illustrates the future improvement to 1◦ precision. In the right panel,
we add constraints from ∆Ms/∆Md and CP violation in B
0
d → J/ψKS, and show the
small black region for the apex following from the comprehensive fit of Ref. [19].
of the Unitarity Triangle (UT) as |Vcb| = |Vts|+O(λ2). Here λ ≡ |Vus| is the Wolfenstein
parameter [27], and (ρ¯, η¯) describes the apex of the UT in the complex plane [28]. Taking
subleading corrections in λ into account and employing the UT side
Rb ≡
√
ρ¯2 + η¯2 =
(
1− λ
2
2
)
1
λ
∣∣∣∣VubVcb
∣∣∣∣ , (50)
we obtain ∣∣∣∣VtdVts
∣∣∣∣ = λ
[√
(1−Rb cos γ)2 + (Rb sin γ)2
1− 1/2(1− 2Rb cos γ)λ2
]
+O(λ5), (51)
where γ is the angle between Rb and the real axis.
Using pure tree decays of the kind B → D(∗)K(∗) [29, 30], γ can be determined in
a theoretically clean way (for an overview, see [31]). The current experimental value is
given as follows [19]:
γ = (72.1+5.4−5.8)
◦. (52)
In the future, thanks to Belle II [32] and the LHCb upgrade [33], the uncertainty for γ
is expected to be reduced to the 1◦ level.
Concerning the Rb side, it can be determined with the help of |Vub| and |Vcb| extracted
from analyses of exclusive and inclusive semileptonic B decays (for an overview, see the
corresponding review in Ref. [22]). The current status can be summarized as
Rb|incl = 0.46± 0.03, Rb|excl = 0.41± 0.02, (53)
with the average
Rb = 0.44± 0.04. (54)
The determinations of γ and Rb using pure tree decays are very robust with respect
to NP effects. Consequently, they allow us to determine the ratio in Eq. (51) in a way
that is also very robust concerning NP contributions, serving as the reference value for
the analysis of Eq. (51). The current data with the average value of Rb in Eq. (54) give∣∣∣∣VtdVts
∣∣∣∣ = 0.220± 0.010, (55)
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where the error may be reduced to 0.002 in the Belle II and LHCb upgrade era. We
have illustrated the resulting situation for the UT in the complex plane in the left panel
of Fig. 4. Thanks to the specific shape of the UT, we observe that the uncertainty of Rt
is fully governed by γ, while the uncertainty of Rb has a minor impact. Consequently,
also the discrepancy between the inclusive and exclusive determinations in Eq. (53) has
fortunately a negligible effect in this case. It is impressive to see the impact of the
future extraction of γ, allowing a very precise determination of Rt. For completeness,
in the right panel of Fig. 4, we show other constraints in the ρ¯–η¯ plane following from
∆Ms/∆Md and the determination of the CKM angle β = (21.6±0.9)◦ through CP viola-
tion in B0d → J/ψK0S decays, taking penguin effects into account [18]. For comprehensive
analyses of the UT, the reader is referred to Refs. [19,34,35].
Using the CKM factor |Vtd/Vts| as determined through Eq. (51), we may convert the
measured ratio of the B0s,d → µ+µ− branching ratios into the following parameter:
Udsµµ ≡
√
|P dµµ|2 + |Sdµµ|2
|P sµµ|2 + |Ssµµ|2
=
[
τBs
τBd
[
1− y2d
1− y2s
] [
1 +Aµµ∆Γsys
1 +Aµµ∆Γdyd
]
MBs
MBd
√
1− 4 (m2µ/M2Bs)
1− 4 (m2µ/M2Bd) ×
×
(
fBs
fBd
)2 ∣∣∣∣VtsVtd
∣∣∣∣2 [B(B0d → µ+µ−)B(B0s → µ+µ−)
]]1/2
, (56)
which satisfies
Udsµµ|SM = 1. (57)
For NP models with MFV, which are characterized by universal short-distance functions,
we have – with excellent accuracy – also a value of Udsµµ around one. A tiny difference
may arise from the following small differences [22]:
MBs −MBd = (0.0872± 0.0003) GeV
mb
mb +md
− mb
mb +ms
=
mb(ms −md)
(mb +md)(mb +ms)
= 0.021± 0.002. (58)
We shall return to this parameter within our general flavour-universal NP scenario in
the next Subsection (see Eq. (68)).
The current data give
Udsµµ = 1.26± 0.49, (59)
where the error is unfortunately too large to draw conclusions. At the end of the LHCb
upgrade, corresponding to 50 fb−1 of integrated luminosity, LHCb expects to determine
the ratio B(B0d → µ+µ−)/B(B0s → µ+µ−) with a precision at the 35% level [33]. As-
suming a future measurement of τ sµµ, which determines Aµµ∆Γs through Eq. (15), with a
precision of 5% [4] and a reduction in the uncertainty of γ to 1◦ would yield
Udsµµ = 1.26± 0.23, (60)
which would still not allow a stringent test in view of the significant uncertainty. We
can straightforwardly generalize the observable Udsµµ defined in Eq. (56) to neutral B
0
d,s
decays with τ+τ− and e+e− leptons in the final state, as discussed below.
Should future measurements find a result for Udsµµ consistent with 1, thereby support-
ing the picture of the SM and models with MFV, we could extract the SU(3)-breaking
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ratio of “bag” parameters describing B0q–B¯
0
q mixing from the following relation (see also
Ref. [36]):
BˆBs
BˆBd
=
τBs
τBd
[
1− y2d
1− y2s
] [
1 +Aµµ∆Γsys
1 +Aµµ∆Γdyd
] [B(B0d → µ+µ−)
B(B0s → µ+µ−)
] [
∆Ms
∆Md
]
, (61)
allowing – in principle – an interesting test of lattice QCD. An agreement between
experiment and theory would also support the lattice QCD calculation of the decay
constants fBq , which are key inputs for the SM branching ratios. However, even in the
LHCb upgrade era, we would only get a precision for Eq. (61) at the level of ±37%,
while current lattice QCD calculations give the following picture [23]:
BˆBs
BˆBd
∣∣∣
Lattice
= 1.05± 0.09. (62)
In order to determine the ratio of the bag parameters using Eq. (61) with the same
relative error as the one achieved by the current lattice calculations in Eq. (62), the
measurement of B(B0d → µ+µ−)/B(B0s → µ+µ−) should reach the 6% precision while
having the 5% error in the measurement of the effective lifetime as for the LHCb up-
grade. In this future scenario, we would be able to achieve a precision of ±0.06 for the
determination of the observable Udsµµ, which would be interesting territory to search for
signals of physics from beyond the SM.
3.3 New Physics Benchmark Scenario
Let us now consider the situation in the general flavour-universal NP scenario introduced
in Subsection 2.3, which is characterized by Eqs. (26) and (27), and assume that not
only the ratio R
s
µµ but also the observable Aµµ∆Γs has been measured. Using Eqs. (46) and
(47), we may then determine the coefficients |P sµµ| and |Ssµµ|, respectively, which allow
us to extract the following ratios of short-distance coefficients:
CP − C ′P
CSM10
=
2mµ
M2Bs
(
mb +ms
mb
)[
P sµµ − C10
]
(63)
CS − C ′S
CSM10
=
2mµ
M2Bs
(
mb +ms
mb
)
Ssµµ√
1− 4 m2µ
M2Bq
. (64)
Since we can only determine the absolute values of P sµµ and S
s
µµ, which are real in our
scenario, we have also to allow for negative values. We illustrate the corresponding
situation in Fig. 5. As the current measurement of Aµµ∆Γs in Eq. (40) does not yet provide
a useful constraint, we vary this observable within its general range in Eq. (41), yielding
− 0.02 GeV−1 ≤ CP − C
′
P
CSM10
≤ 0.00 GeV−1, −0.01 GeV−1 ≤ CS − C
′
S
CSM10
≤ 0.01 GeV−1.
(65)
Once the observable Aµµ∆Γs has been measured with higher precision, these allowed ranges
can be narrowed down correspondingly. In Ref. [13], constraints on similar coefficients
were obtained.
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Figure 5: Correlation between the ratios of Wilson coefficients in Eq. (65) for C10 = 1.
We show the 1σ range corresponding to the measured value of R
s
µµ in Eq. (42), which is
described by the blue circular band, and give lines for various values of Aµµ∆Γs .
The coefficients in Eqs. (63) and (64), with the corresponding ranges in Eq. (65),
may now be used to study correlations with the other B0s,d → `+`− decays. Following
these lines, we obtain the correlation between the branching ratios of the B0d → µ+µ−
and B0s → µ+µ− decays shown in Fig. 6, corresponding to the numerical range
0.66× 10−10 ≤ B(Bd → µ+µ−) ≤ 1.14× 10−10, (66)
with
0.65 ≤ Rdµµ ≤ 1.11, (67)
which is consistent with the LHCb result in Eq. (34). Finally, we obtain
0.97 ≤ Udsµµ ≤ 1.00 (68)
for the parameter Udsµµ introduced in Eq. (56). As expected from the discussion in the
previous Subsection, this quantity shows a small difference from one due to the mass
differences in Eq. (58) within the flavour-universal NP scenario. It will be very interesting
to get much better measurements of the B0d → µ+µ− decay and to see whether they will
be consistent with the picture given above.
4 The Decays B0s → τ+τ− and B0d → τ+τ−
4.1 Observables
As is evident from Eq. (9), the helicity suppression of the SM rates of the B0s,d → τ+τ−
channels is essentially lifted through the large mass of the τ leptons. Within the SM, we
obtain the following predictions:
B(Bs → τ+τ−)SM = (7.56± 0.35)× 10−7, (69)
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Figure 6: Correlation between the branching ratios B(Bd → µ+µ−) and B(Bs → µ+µ−)
in the considered flavour-universal NP scenario. The vertical blue band gives the 1σ
range for the B0s → µ+µ− branching ratio, while the green and red regions are obtained
by varying Aµµ∆Γs between −1 and +1. The panels on the left- and right-hand sides
correspond to positive and negative solutions for P sµµ, respectively.
B(Bd → τ+τ−)SM = (2.14± 0.12)× 10−8. (70)
In order to calculate these results, we have employed the analysis of Ref. [1], and have
used the values of CKM and non-perturbative parameters given in Table 1.
It is experimentally very challenging to reconstruct the τ leptons, in particular in the
environment of the LHC. Nevertheless, the LHCb collaboration has recently come up
with the first experimental upper limits for the corresponding branching ratios [7]:
B(Bs → τ+τ−) < 6.8× 10−3 (95% C.L.) (71)
B(Bd → τ+τ−) < 2.1× 10−3 (95% C.L.). (72)
These results are in fact the first direct constraint for B0s → τ+τ− and the world’s best
limit for B0d → τ+τ−.
The SM predictions for Aττ∆Γs and τ sττ take the same values as their B0s → µ+µ−
counterparts:
Aττ∆Γs|SM = +1, τ sττ |SM =
τBs
1− ys = (1.61± 0.06) ps. (73)
4.2 New Physics Benchmark Scenario
Let us now have a look at the NP effects for the B0s,d → τ+τ− modes within the bench-
mark scenario introduced in Subsection 2.3. Here we obtain the following coefficients:
P sττ =
(
1− mµ
mτ
)
C10 + mµ
mτ
P sµµ (74)
Ssττ =
mµ
mτ
√√√√√1− 4 m2τM2Bs
1− 4 m2µ
M2Bs
Ssµµ. (75)
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Consequently, the NP correction to C10 and those proportional to P sµµ and Ssµµ are
strongly suppressed through the ratio of the muon and tau masses, which is given as
follows [21]:
mµ
mτ
= 0.059, (76)
and yields
0.8 ≤ Rsττ ≤ 1.0, 0.995 ≤ Aττ∆Γs ≤ 1.000. (77)
The impact of NP in the B0d → τ+τ− decay is very similar to its B0s counterpart,
with R
d
ττ taking the same values as in Eq. (77). Introducing a parameter U
ds
ττ in analogy
to Eq. (56), we obtain
1.000 ≤ Udsττ ≤ 1.002 (78)
In view of the challenges related to the reconstruction of the τ leptons, the NP effects
arising in the general flavour-universal NP scenario cannot be distinguished from the SM
case, unless there is unexpected experimental progress.
It is interesting to have a quick look at the picture in the MSSM with MFV described
by Eqs. (29) and (30). As was pointed out in Ref. [9], the measured value of the ratio
R
s
µµ gives a twofold solutions for the parameter Aq introduced in Eq. (29). We find
As = 0.09± 0.09 ∨ 0.98± 0.09, (79)
corresponding to the observablesAµµ∆Γs ∼ +1 (as in the SM) andAµµ∆Γs ∼ −1, respectively.
These solutions give
R
s
ττ |MFVMSSM = 0.84± 0.16 ∨ 0.47± 0.09, (80)
and correspond to the branching ratios
B(Bs → τ+τ−)|MFVMSSM = (6.4± 1.2)× 10−7 ∨ (3.5± 0.7)× 10−7, (81)
respectively. We observe that the large τ -lepton mass has a significant impact on these
quantities, in particular in the case As ∼ 1.
5 The Decays B0s → e+e− and B0d → e+e−
5.1 Observables
The most recent SM predictions for the B0s,d → e+e− decays were given in Ref. [1]. Using
the updated input parameters in Table 1, we obtain the following results:
B(Bs → e+e−)SM = (8.35± 0.39)× 10−14, (82)
B(Bd → e+e−)SM = (2.39± 0.14)× 10−15. (83)
The extremely small values of these branching ratios with respect to their B0s,d → µ+µ−
counterparts arise from the helicity suppression due to the tiny electron mass, corre-
sponding to an overall multiplicative factor m2e in the expressions for B(Bs,d → e+e−).
Consequently, within the SM, these decays appear to be out of reach from the experi-
mental point of view, which seems to be the reason for the fact that these channels have
so far essentially not played any role in the exploration of the quark-flavour sector.
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Concerning the experimental picture, the CDF collaboration reported the following
upper bounds (90% C.L.) back in 2009 [8]:
B(Bs → e+e−) < 2.8× 10−7, (84)
B(Bd → e+e−) < 8.3× 10−8. (85)
Consequently, any attempt to measure the SM branching ratios for the rare decays
B0s → e+e− and B0d → e+e− would require a future improvement by nearly six orders of
magnitude. The LHC experiments have not yet reported any searches for these modes.
5.2 New Physics Benchmark Scenario
Let us now consider the flavour-universal NP scenario introduced in Subsection 3.3. In
this framework, we obtain the following coefficients:
P see =
(
1− mµ
me
)
C10 + mµ
me
P sµµ (86)
Ssee =
mµ
me
√√√√√1− 4 m2τM2Bs
1− 4 m2µ
M2Bs
Ssµµ. (87)
While we got a suppression of the NP effects in the B0s,d → τ+τ− decays through the
large τ mass, (see (74) and (75)), we get now a huge enhancement thanks to the tiny
electron mass [21]:
mµ
me
= 206.77, (88)
as the (pseudo)-scalar NP contributions lift the helicity suppression of the extremely
small SM branching ratio.
The enhancement with respect to the SM value is characterized by
R
s
ee = y+
[
C10 − mµ
me
(C10 − P sµµ)]2 + y− (Mse,µ) [mµme Ssµµ
]2
(89)
with
y+ ≡ 1 + ys cosφ
NP
s
1 + ys
, y− ≡ 1− ys cosφ
NP
s
1 + ys
(90)
and
Mse,µ ≡
1− 4 m2e
M2Bs
1− 4 m2µ
M2Bs
, (91)
while
Aee∆Γs
cosφNPs
=
[
C10 − mµme
(C10 − P sµµ)]2 −Mse,µ [mµme Ssµµ]2[
C10 − mµme
(C10 − P sµµ)]2 +Mse,µ [mµme Ssµµ]2 . (92)
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It is particularly interesting to consider the ratio between the B0s → e+e− and the
B0s → µ+µ− branching ratios:
Rees,µµ ≡
B(Bs → e+e−)
B(Bs → µ+µ−)
=
y+
(Mse,µ) 12 [memµC10 − (C10 − P sµµ)]2 + y− (Mse,µ) 32 (Ssµµ)2
y+(P sµµ)
2 + y−(Ssµµ)2
≈
(C10 − P sµµ)2 + (Ssµµ)2
(P sµµ)
2 + (Ssµµ)
2
, (93)
where we used cosφNPs = 1 (see Eq. (44)) and neglected the effects associated with ys and
the tiny mass ratio me/mµ ∼ 0.005. As the decay constants and CKM matrix elements
cancel in Rees,µµ, this ratio is a theoretically clean quantity. Moreover, its measurement
at the LHC is not affected by the ratio fs/fd of fragmentation functions [37], which is
an advantage from the experimental point of view.
It is instructive to consider a situation with C10 = 1 and
(P sµµ)
2 + (Ssµµ)
2 ≈ 1, (94)
which corresponds to a B0s → µ+µ− branching ratio as in the SM and is consistent with
the current experimental situation. We obtain then
Rees,µµ ≈ 2(1− P sµµ), (95)
which yields
0 ∼< Rees,µµ ∼< 4 (96)
as P sµµ varies between −1 and +1 while moving on the unit circle in the P sµµ–Ssµµ plane.
It is also interesting to note that C10 = 0 would result in Rees,µµ ≈ 1 independently of
the values of P sµµ and S
s
µµ on the unit circle, as can be seen in Eq. (93). These simple
considerations illustrate nicely the possible spectacular enhancement of the B0s → e+e−
branching ratio with respect to the SM prediction.
In Fig. 7, we put these considerations on a more quantitative ground, showing the
allowed region for Rees,µµ as a function of Rsµµ. We give also contours for various values
of Aµµ∆Γs . If we vary this observable within the range in Eq. (41), we obtain
0 ≤ Rees,µµ ≤ 4.8, (97)
which is consistent with (96).
In the case of the branching ratio of the B0s → e+e− channel, we obtain uncertainties
from the decay constant fBs , CKM factors and the Bs lifetime τBs . The range in Eq. (97)
corresponds to
0 ≤ B(Bs → e+e−) ≤ 1.4× 10−8 (98)
with
0 ≤ Rsee ≤ 1.7× 105, (99)
showing an impressive lift of the helicity suppression with respect to the SM value in
Eq. (82). The observable Aee∆Γs is just constrained within its general range [−1,+1].
The pattern of the NP effects in B0d → e+e− is very similar to the situation in its B0s
counterpart within the considered framework, yielding
0 ≤ B(Bd → e+e−) ≤ 4.0× 10−10. (100)
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Figure 7: Illustration of the allowed range for the ratio Rees,µµ as a function of R¯sµµ in the
flavour-universal NP scenario with C10 = 1. We show also contours for various values
of Aµµ∆Γs . As in Fig. 6, the green and red bands correspond to positive and negative
solutions for P sµµ, respectively.
In analogy to the B0s → τ+τ− case, it is instructive to have also a look at the MSSM
with MFV, which is described by Eqs. (28–30) and the solutions in Eq. (79). In this
framework, we get
Rees,µµ|MFVMSSM ≈
(me
mµ
)2
= 2.3× 10−5, (101)
where we have neglected tiny m2µ/M
2
Bs
and m2e/M
2
Bs
corrections. Consequently, the ratio
of the branching ratios is as in the SM, and we obtain from the measured B0s → µ+µ−
branching ratio:
R
s
ee|MFVMSSM = 0.84± 0.16,
B(Bs → e+e−)|MFVMSSM = (7.0± 1.4)× 10−14. (102)
It will be very interesting to search for the B0s,d → e+e− decays, in particular in
view of the exciting situation that the CDF upper bound from 2009 is only about a
factor of 20 above the upper bound (98) in the flavour-universal NP scenario. Should
the B0s,d → e+e− decays actually be observed with hugely enhanced branching ratios,
the MSSM with MFV would be ruled out.
6 Conclusions
Leptonic rare decays of B0s and B
0
d mesons play an outstanding role for testing the SM.
The main actors have so far been the B0s → µ+µ− and B0d → µ+µ− modes, where the
former decay is now well established in the LHC data and first signals for the latter
channel were reported. Very recently, LHCb has presented the first measurement of the
effective lifetime of B0s → µ+µ−, and upper bounds for the B0s → τ+τ− and B0d → τ+τ−
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modes. The experimental constraint for B(Bs → e+e−) is six orders of magnitude above
the SM prediction, and was obtained by CDF in 2009.
We have given a state-of-the-art discussion of the interpretation of the B0s,d → µ+µ−
data. However, the main focus was on the decays with tau leptons and electrons in
the final state, addressing the question of how much space for NP effects is left by the
current data, in particular the observation of B0s → µ+µ−. In order to explore this issue,
which is in general very involved, we have considered a NP scenario as a benchmark
with flavour-universal Wilson coefficients of the four-fermion operators, and assumed
that NP enters through (pseudo)-scalar contributions, which is the key domain of the
B0s,d → `+`− decays. We may then convert the experimental value of the B0s → µ+µ−
branching ratio into predictions for the other B0s,d → `+`− channels. It will be important
to significantly reduce the uncertainty of the measurement of the observable Aµµ∆Γs in the
future, which will have an impact on the allowed regions for these channels.
In this scenario, we find that the NP effects are strongly suppressed by the mass ratio
mµ/mτ in the B
0
s,d → τ+τ− decays, thereby resulting in a picture which is essentially as
in the SM. On the other hand, the NP effects are amplified in the B0s → e+e− channel
due to the mass ratio mµ/me. In this case, the helicity suppression is lifted by the
new (pseudo)-scalar contributions, while the branching ratio of B0s → µ+µ− stays in
the regime of the SM value, following from the current measurement of this channel. It
is exciting to find values of the B0s → e+e− branching ratio about 5 times as large as
the B0s → µ+µ− branching ratio, which is a factor of about 20 below the CDF limit.
The ratio of the B0s → e+e− and B0s → µ+µ− branching ratios is a theoretically clean
quantity, having also advantages from the experimental point of view.
Due to the helicity structure of possible NP contributions, B0s → e+e− is in general a
very sensitive probe of physics beyond the SM with new (pseudo)-scalar contributions.
As this decay has essentially not received any attention since the CDF analysis from
2009, it would be most interesting to search for B0s → e+e− in the LHC data, with
the possibility of finding a signal which would give us unambiguous evidence for New
Physics. In such a situation, the MSSM with MFV would be excluded.
In order to get the full picture, also B0s → τ+τ− and the corresponding B0d modes
should receive full attention at the LHC and the future Belle II experiments. We are
excited to see new results – in particular searches for the B0s,d → e+e− decays – which
may eventually open a window to the physics beyond the Standard Model.
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